
Copyright © 2015,

JOURNAL OF APPLIED SCIENCES RESEARCH

ISSN: 1819

JOURNAL home page:   http://www.aensiweb.com/JASR         

Published Online 31 December 2015.                                                                                                      
 

Corresponding Author: Sasikumar.T,
Coimbatore, Tamil Nadu, INDIA

                                            E-mail: tdsasikumar@gmail.com

Machining of Inconel 718 with liquid nitrogen as coolant using Response Surface 

Methodology 

 
1Sasikumar.T and 2V.P. Srinivasan
 
1Department of Mechatronics Engineering,
2Department of Mechanical Engineering,

 
Received: 23 October 2015; Accepted: 23  Decem

 

© 201

 

 
 In this work machining of Inconel 718 using liquid nitrogen were carried out. While machining harder material like Inconel 71
tip of the tool is subjected to high temperature which results in decreased tool life and also impairs the product quality.
liquid nitrogen jet on the top face of the tool tip during turning of Inconel 718 reduces tool temperature drastically. Selec
turning parameters in conventional lathe is one of the most important aspects taken into consi
important characteristics such as tool tip temperature (T), and surface roughness (Ra) among others. Moreover, this work adop
Response Surface Methodology (RSM) to conduct a series of experiments and the experimen
Analysis of Variance (ANOVA). The main turning parameters such as cutting speed (V
nitrogen (h) were selected to determine listed technological characteristics. The r
for reduced tool tip temperature and feed is the most significant factor for reduced surface roughness.
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INTRODUCTION 

 
Turning is the most widespread metal shaping 

process in manufacturing industries. 
process produces better surface finish at significantly 
high material removal rate (MRR). Also 
greater hardness (45 – 68 HRC) can be machined 
easily by hard turning process [1]. 
alloys has increased application in aerospace, 
automotive, pumps and power industries. 
alloys are high temperature alloys
mechanical load under high operating temperature 
[2]. Also, these alloys used in aero engine has led to 
gradual increase of the engine temperature at a rate 
of 10°C per annum, which result
increase in engine efficiency and reduction in fuel 
consumption [3]. 

Usually while machining Inconel 718
extremely harder material, high temperature is 
generated at the tool tip. Due to high tool tip 
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ABSTRACT 

In this work machining of Inconel 718 using liquid nitrogen were carried out. While machining harder material like Inconel 71
tip of the tool is subjected to high temperature which results in decreased tool life and also impairs the product quality.
liquid nitrogen jet on the top face of the tool tip during turning of Inconel 718 reduces tool temperature drastically. Selec
turning parameters in conventional lathe is one of the most important aspects taken into consideration, as these conditions determine 
important characteristics such as tool tip temperature (T), and surface roughness (Ra) among others. Moreover, this work adop
Response Surface Methodology (RSM) to conduct a series of experiments and the experimental data is experimentally evaluated by 
Analysis of Variance (ANOVA). The main turning parameters such as cutting speed (Vc), feed (f), depth of cut (Ap) and head of liquid 
nitrogen (h) were selected to determine listed technological characteristics. The results show that depth of cut is the most significant factor 
for reduced tool tip temperature and feed is the most significant factor for reduced surface roughness. 

Hard turning, Inconel 718, liquid nitrogen, CBN, tool tip temperature, surface roughness, RSM, ANOVA

Turning is the most widespread metal shaping 
process in manufacturing industries. The hard turning 

finish at significantly 
material removal rate (MRR). Also material of 

68 HRC) can be machined 
ily by hard turning process [1]. Nickel based 

alloys has increased application in aerospace, 
pumps and power industries. These 

alloys are high temperature alloys which resists 
mechanical load under high operating temperature 

loys used in aero engine has led to 
gradual increase of the engine temperature at a rate 

which results in remarkable 
increase in engine efficiency and reduction in fuel 

Usually while machining Inconel 718 which is 
harder material, high temperature is 

Due to high tool tip 

temperature, life of tool will reduce and the quality 
of the product is affected. In order
tool life, proper coolant should be selected
control high cutting zone temperature, 
cooling soluble oil is employed. In high speed
mechanism, cutting fluid fails to penetrate the chip
tool interface and hence heat is not reduced
effectively. These conventional fluids pose 
environmental pollution due chemical break 
of fluid at high cutting temperature and biological 
hazardous to operator due to bacterial growth [4]. 
order to overcome the environmental problems
conventional fluids, cryogenic cooling can be 
adopted in which liquid nitrogen at 
employed to the cutting zone carefully where it is 
needed for reducing cutting temperature. There is no 
need to dispose the fluid as it evaporates harmlessly 
[5]. Benefits of cryogenic machining includes 
sustainable machining methods, increase of MRR 
without increase in tool – wear, prolonged tool 
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In this work machining of Inconel 718 using liquid nitrogen were carried out. While machining harder material like Inconel 718, the 
tip of the tool is subjected to high temperature which results in decreased tool life and also impairs the product quality. Introduction of 
liquid nitrogen jet on the top face of the tool tip during turning of Inconel 718 reduces tool temperature drastically. Selection of appropriate 

deration, as these conditions determine 
important characteristics such as tool tip temperature (T), and surface roughness (Ra) among others. Moreover, this work adopted 

tal data is experimentally evaluated by 
), feed (f), depth of cut (Ap) and head of liquid 

esults show that depth of cut is the most significant factor 

roughness, RSM, ANOVA  

temperature, life of tool will reduce and the quality 
of the product is affected. In order to increase the 
tool life, proper coolant should be selected. To 
control high cutting zone temperature, flood of 
cooling soluble oil is employed. In high speed – feed 

cutting fluid fails to penetrate the chip – 
d hence heat is not reduced 

effectively. These conventional fluids pose 
al pollution due chemical break – down 

of fluid at high cutting temperature and biological 
hazardous to operator due to bacterial growth [4]. In 
order to overcome the environmental problems in 

, cryogenic cooling can be 
adopted in which liquid nitrogen at –196°C is 
employed to the cutting zone carefully where it is 

for reducing cutting temperature. There is no 
need to dispose the fluid as it evaporates harmlessly 

c machining includes 
sustainable machining methods, increase of MRR 

wear, prolonged tool – life 
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due to lower abrasion and chemical wear and 
improved part quality through prevention of 
mechanical and chemical degradation of machined 
surfaces. This accomplishment has never been 
achieved for any other coolants [6]. To control the 
tool wear and prolong its life, the reasonable 
selection of tool coating, tool material, tool geometry 
and cutting parameters are effective [7]. 

In high speed machining, advanced tool 
materials such as cubic boron nitride (CBN) can be 
used as alternative for carbide tool. Generally CBN 
tool having higher hot hardness will improve the 
productivity [8]. Polycrystalline CBN cutting tools 
have ability to maintain a workable cutting edge at 
elevated temperature [9]. The effect of cutting 
parameters on surface roughness in hard turning of 
AISI H11 steel with CBN were investigated using 
RSM. The result shows that feed rate and material 
hardness have influence on surface roughness [10]. 
Machinability characteristics were enhanced using 
Taguchi method in high speed turning of super alloy 
Inconel 718 using quantity of lubricant, delivery 
pressure at the nozzle, frequency of pulses, direction 
of application of cutting fluid, cutting speed and feed 
rate as the machining parameters. The result 
indicates that optimal parameters gives lower cutting 
temperature, cutting force and flank wear [11]. An 
intelligent optimization by coupling artificial neural 
network (ANN) with genetic algorithm (GA) were 
made for optimizing machining parameters in turning 
of Inconel 718 [12]. 

In this work, an experimental contribution that 
focus on prediction and optimization by RSM (Box – 

Behnken Designs method) of both tool tip 
temperature and surface roughness during hard 
turning of Inconel 718 with CBN cutting tool is 
presented. The ANOVA study involves of machining 
parameters like cutting speed, feed, depth of cut and 
head of liquid nitrogen. 
 
Experimental procedure: 
1.1. Workpiece and tool materials: 

Turning experiments were performed using 
universal lathe NAGMAT 175 having 8 speed gear 
box. The workpiece was Inconel 718 of diameter 
66.5 mm and length 300 mm. Inconel 718 is a high 
strength, corrosion resistant nickel chromium used at 
–253°C to 1300°C. Its chemical composition (in wt. 
%) is given as: C 0.059; Si 0.036; Mn 3.120; S 0.005; 
P 0.011; Cr 19.045; Fe 17.297; Mo 3.120; Co 0.448; 
Nb 4.788; Cu 0.037; V 0.026; Al 0.536; Ti 1.023; W 
0.247; Ni 53.101. 

The cutting tool was CBN (CNGA120404) with 
0.4 mm nose radius. CBN tools are very effective at 
machining most steels and cast irons. 

The temperature produced while machining is 
directly measured using MT-8 infrared non – contact 
type thermometer of range –50°C to 1000°C. The 
surface roughness is directly measured using TR100 
surface roughness testers. Roughness of 0.05 µm to 
10.0 µm can be measured using this tester. Fig.1. 
shows experimental setup for turning Inconel 718 in 
conventional lathe with CBN tool and liquid nitrogen 
as coolant. 

 

 
 
Fig. 1: Experimental setup 
 
1.2. Experimental design 

The response surface methodology is a procedure to determine a relationship between input process 
parameters and response. This process has following six steps: (1) define the input variable and output response 
variable, (2) choose experimental design plan, (3) perform regression analysis with the quadratic model, (4) 
calculate analysis of variance to find parameters which significantly affect the response, (5) identify the 
situation of the quadratic model of and decide whether the model needs screening or not, (6) optimize the 
parameters and conduct confirmation experiment and verify the predicted performance characteristics [10]. 
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Table 1: Experimental factors and their levels 

Variables Symbols 
Levels 

1 2 3 

Cutting speed 
(m/min) 

Vc 44 73 102 

Feed rate 
(mm/rev) 

f 0.05 0.1 0.15 

Depth of cut 
(mm) 

Ap 0.5 1 1.5 

Head of liquid nitrogen (m) h 0.4 0.65 0.9 

 
Table 2: Experimental results for T and Ra 

Run 
Cutting speed 
Vc 
(m/min) 

Feed rate 
f 
(mm/rev) 

Depth of cut 
Ap 
(mm) 

Head of liquid 
nitrogen 
h 
(m) 

Tool tip 
temperature 
T 
(°C) 

Surface 
roughness 
Ra 
(µm) 

1 73 0.05 0.5 0.65 48 0.62 
2 102 0.15 1 0.65 96 0.94 
3 102 0.1 1.5 0.65 140 0.69 
4 73 0.1 1 0.65 93 0.69 
5 44 0.1 1 0.4 112 0.6 
6 73 0.1 0.5 0.9 71 0.42 
7 102 0.1 0.5 0.65 85 0.58 
8 102 0.1 1 0.4 101 0.55 
9 73 0.1 1 0.65 71 0.7 
10 102 0.05 1 0.65 91 0.61 
11 73 0.05 1 0.9 80 0.5 
12 44 0.15 1 0.65 122 0.67 
13 73 0.1 1 0.65 89 0.67 
14 73 0.15 1 0.9 106 0.54 
15 102 0.1 1 0.9 110 0.58 
16 73 0.1 0.5 0.4 50 0.47 
17 73 0.1 1 0.65 81 0.7 
18 44 0.05 1 0.65 87 0.56 
19 44 0.1 1 0.9 101 0.34 
20 73 0.15 0.5 0.65 64 0.69 
21 73 0.05 1.5 0.65 138 0.47 
22 73 0.1 1 0.65 87 0.71 
23 73 0.15 1.5 0.65 154 0.84 
24 73 0.1 1.5 0.9 114 0.41 
25 73 0.15 1 0.4 117 0.89 
26 44 0.1 1.5 0.65 161 0.52 
27 44 0.1 0.5 0.65 45 0.49 
28 73 0.05 1 0.4 96 0.46 
29 73 0.1 1.5 0.4 175 0.54 

 
In the present work, the relationship between 

input parameters like cutting speed (Vc), feed (f), 
depth of cut (Ap) and head of liquid nitrogen (h) and 
the output Y define machinability aspects like tool 
tip temperature (T) and surface roughness (Ra). 
 
 � =  ∅(�� , 	, 
�, ℎ)                                       (1)
  
where, ∅ is the response function. The value of Y is 
identified by using a quadratic (non – linear) 
mathematical model to study the interaction effects 
of process parameters on machinability 
characteristics. The second order mathematical 
model is given by: 
 
� = �� + ∑ ��

�
��� �� + ∑ ���

�
�� ���� + ∑ ���

�
��� ��

�   (2) 
 
where, b0 is the free term of regression equation, the 
coefficient b1, b2,…….bk and b11, b22,…….bkk are the 
linear and quadratic term respectively, while b12, b13, 

bk-1 are interaction terms. Xi represents input 
parameters like Vc, f, Ap, h. The output parameters 
are T and Ra. 

Based on Box – Behnken Designs (BBDs) the 
data required to develop the computation were 
collected by designing the experiments and varying 
each numeric factor over three levels coded as –1, 0 
and +1. The BBDs are available only for 3 to 10 
factors, which are formed by two level factorial 
designs with incomplete block designs. This 
procedure creates designs with desirable statistical 
properties and only a minimum number of 
experiments are required to compare three level 
factorial designs. The various experimental factors 
and their levels are shown in Table 1. The 
experimental run order is shown in Table 2 as per 
which experiments are conducted. 
 
Results And Discussion 
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The experimental result values of the response 
factors like tool tip temperature and surface 
roughness are shown in Table 2. The tool tip 
temperature was obtained in the range of (45 – 
175)°C and surface roughness were obtained in the 
range of (0.34 – 0.94) µm. 

 
3.1. Analysis of variance (ANOVA): 

The appropriate procedure for listing the quality 
of several means is analysis of variance. This is 
probably the most significant technique in the 

statistical field. The purpose of analysis of variance 
is to determine the relative magnitude of the effect of 
each other as the objective target function and to 
estimate the error variance. It is used to choose from 
many alternatives the most appropriate quality 
characteristics for a specific problem [13]. 

A variance analysis of the tool tip temperature 
and surface roughness was made with the objective 
of analyzing the influence of cutting speed, feed, 
depth of cut and head of liquid nitrogen on the 
results.

 
Table 3: ANOVA results for tool tip temperature 

Source 
Sum of 
Squares 

df Mean Square F Value 
p-value 
Prob. > F 

Cont. % Remarks 

Model 28581.77 14 2041.56 36.57 < 0.0001  Significant 

Vc 2.08 1 2.08 0.037 0.8496 -0.25 
Non 
significant 

f 1180.08 1 1180.08 21.14 0.0004 3.90 Significant 
Ap 22446.75 1 22446.75 402.13 < 0.0001 79.00 Significant 
h 396.75 1 396.75 7.11 0.0184 1.14 Significant 

Vc × f 225 1 225 4.03 0.0644 0.53 
Non 
significant 

Vc × Ap 930.25 1 930.25 16.67 0.0011 3.02 Significant 

Vc × h 100 1 100 1.79 0.2021 0.09 
Non 
significant 

f × Ap 0 1 0 0 1 -0.25 
Non 
significant 

f × h 6.25 1 6.25 0.11 0.7429 -0.23 
Non 
significant 

Ap × h 1681 1 1681 30.12 < 0.0001 5.67 Significant 
Vc

2 874.08 1 874.08 15.66 0.0014 2.82 Significant 

f2 169.27 1 169.27 3.03 0.1035 0.33 
Non 
significant 

Ap2 764.78 1 764.78 13.7 0.0024 2.44 Significant 
h2 568.08 1 568.08 10.18 0.0065 1.74 Significant 
Error 292.8 14 73.2   0.02  
Total 29363.24 

 
   100  

 
Table 4: ANOVA results for surface roughness 

Source 
Sum of 
Squares 

df Mean Square F Value 
p-value 
Prob. > F 

Cont. % Remarks 

Model 0.55 14 0.039 67.16 < 0.0001  Significant 
Vc 0.049 1 0.049 85.1 < 0.0001 9.02 Significant 
f 0.15 1 0.15 261.58 < 0.0001 27.7 Significant 
Ap 3.33E-03 1 3.33E-03 5.74 0.0311 0.574 Significant 
h 0.043 1 0.043 74.41 < 0.0001 7.91 Significant 
Vc × f 0.012 1 0.012 20.84 0.0004 2.18 Significant 

Vc × Ap 1.60E-03 1 1.60E-03 2.76 0.1191 0.253 
Non 
significant 

Vc × h 0.021 1 0.021 36.21 < 0.0001 3.84 Significant 
f × Ap 0.023 1 0.023 38.75 < 0.0001 4.21 Significant 
f × h 0.038 1 0.038 65.49 < 0.0001 6.98 Significant 

Ap × h 1.60E-03 1 1.60E-03 2.76 0.1191 0.253 
Non 
significant 

Vc
2 9.49E-03 1 9.49E-03 16.35 0.0012 1.71 Significant 

f2 0.013 1 0.013 21.88 0.0004 2.36 Significant 
Ap2 0.049 1 0.049 84.56 < 0.0001 9.02 Significant 
h2 0.13 1 0.13 225.27 < 0.0001 24.1 Significant 
Error 9.20E-04 14 2.30E-04   0.15  
Total 0.55     100  

 
ANOVA results for the tool tip temperature and 

surface roughness are shown in Table 3 and 4 
respectively. This analysis was for 95% confidence 
level i.e., 5% significant level. The last but one 
column of tables shows the factor percentage 

contribution (cont. %) on the total variation, 
indicating the degree of influence on the result. 

  Feed rate (f), depth of cut (Ap), head of liquid 
nitrogen (h); two – level interaction effect of cut 
speed and depth of cut (Vc × Ap), depth of cut and 
head of liquid nitrogen (Ap × h) and products Vc

2, 
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Ap2, h2 all have significant effect 
temperature are shown in Table 3. 
that depth of cut (Ap) is the most significant factor 
associated with tool tip temperature 
contribution. 

Cutting speed (Vc), feed rate (f), depth of cut 
(Ap), head of liquid nitrogen (h); two
interaction effect of cut speed and feed rate (V
cut speed and head of liquid nitrogen (V
rate and depth of cut (f × Ap), feed rate and head of 
liquid nitrogen (f × h) and products V
have significant effect on the surface roughness

 
T (°C)   = 12.64042 – 0.90892 × Vc 

183.0092 × Ap – 113.99816 × h 
f – 1.05172 × Vc × Ap + 0.68966 × V
× Ap + 100 × f × h – 164 × 
Vc

2 + 2043.33333 × f2 + 43.43333 × 
149.73333 × h2  

 
Ra (µm) = – 0.40206 – 2.82E–03 × V

0.43264 × Ap+ 2.9236 × h + 0.037931 × V
1.38E–03 × Vc × Ap + 1.00E
× Ap – 7.8 × f × h – 0.16 × 

 Vc
2 + 17.7 × f2 – 0.348 × Ap

 
The predicted and actual values are compared 

and shown in Fig.2. and Fig.3. 
temperature and the surface roughness respectively.

 
 

Fig. 2: Comparison between actual and predicted values for tool tip temperature

Fig. 3: Comparison between actual and predicted values for surface roughness

and V.P. Srinivasan, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:

significant effect on the tool tip 
 The results show 

) is the most significant factor 
associated with tool tip temperature with 79% 

), feed rate (f), depth of cut 
nitrogen (h); two – level 

interaction effect of cut speed and feed rate (Vc × f), 
cut speed and head of liquid nitrogen (Vc × h), feed 

), feed rate and head of 
liquid nitrogen (f × h) and products Vc

2, f2, Ap2, h2 all 
surface roughness are 

shown in Table 4. The results show
is the most significant factor associated with 
roughness with 27.7% contribution.
 
3.2. Regression equation 

The relationship between the factors and the 
response were modeled by the 
equation. The tool tip temperature (T) model and 
surface roughness (Ra) model is given Eq. (3) and 
Eq. (4) respectively. The determination
(R2) for the tool tip temperature and 
roughness is 97.34% and 98.53% respectively.

 + 102.25287 × f +  
113.99816 × h – 5.17241 × Vc ×  

+ 0.68966 × Vc × h + 0 × f  
164 × Ap × h + 0.013803 ×  

+ 43.43333 × Ap2 +  
                                                                                                     

03 × Vc – 1.98897 × f +  
p+ 2.9236 × h + 0.037931 × Vc × f +  

p + 1.00E–02 × Vc × h + 3 × f  
0.16 × Ap × h – 4.55E–05 ×  

Ap2 – 2.272 × h2           

The predicted and actual values are compared 
 for the tool tip 

surface roughness respectively.

 
Comparison between actual and predicted values for tool tip temperature 

 
Comparison between actual and predicted values for surface roughness 

ember, Pages: 70-78 

results show that feed rate (f) 
is the most significant factor associated with surface 

% contribution. 

The relationship between the factors and the 
response were modeled by the quadratic regression 

The tool tip temperature (T) model and 
model is given Eq. (3) and 

The determination coefficient 
tool tip temperature and the surface 

97.34% and 98.53% respectively.

                                                                                               (3) 

     (4) 
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3.3. Effect of machining parameters on surface 
response factors: 
3.3.1. Tool tip temperature: 

The effect of cutting speed and feed rate on tool 
tip temperature is shown in Fig.4. 

 

Fig. 4: 3D effects of cutting speed and feed rate on tool tip temperature
 
The effect of depth of cut and 

nitrogen on tool tip temperature is shown in Fig.
According to the previous analysis, Table 3 indicates 
that the effect of depth of cut and head of liquid 

 

Fig. 5: 3D effects of depth of cut and head of liquid nitrogen on tool tip temperature
 
3.3.2. Surface roughness: 

Fig. 6: 3D effects of cutting speed and feed rate on surface roughness

and V.P. Srinivasan, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:

3.3. Effect of machining parameters on surface 

The effect of cutting speed and feed rate on tool 
 According to the 

previous analysis, Table 3 indicates that the effect of 
feed rate is statistically significant 
is not significant. From Fig.4. 
speed and lower feed rate gives minimal tool
temperature.

 
3D effects of cutting speed and feed rate on tool tip temperature 

and head of liquid 
on tool tip temperature is shown in Fig.5. 

According to the previous analysis, Table 3 indicates 
depth of cut and head of liquid 

nitrogen are statistically significant
concluded that the lower depth of cut and lower 
of liquid nitrogen minimal tool tip te

 
3D effects of depth of cut and head of liquid nitrogen on tool tip temperature 

 
3D effects of cutting speed and feed rate on surface roughness 

ember, Pages: 70-78 

indicates that the effect of 
cally significant and cutting speed 
From Fig.4. the middle cutting 

speed and lower feed rate gives minimal tool tip 

significant. From Fig.5. it is 
depth of cut and lower head 

minimal tool tip temperature.
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In order to investigate the influence of 
machining parameters on the surface roughness, 
response surface are drawn in Fig.6. and Fig.7. 
4 indicates that the effect of cutting speed, feed rate, 
depth of cut and head of liquid nitrogen are 
statistically significant. The influence of the cutting 
speed and the feed rate on surface roughness is 

 

 
Fig. 7: 3D effects of depth of cut and head of liquid nitrogen on surface roughness
 
Optimization and cutting conditions

Here optimal manufacturing conditions for hard 
turning of Inconel 718 using CBN tool to minimize 
the values of tool tip temperature and sur

 
Table 5: Goals and parameter ranges for optimization of

Condition 

Cutting speed, 
Vc (m/min) 
Feed rate, 
f (mm/rev) 
Depth of cut, 
Ap (mm) 
Head of liquid nitrogen, 
h (m) 
Tool tip temperature, 
T (°C) 
Surface roughness, 
Ra (µm) 

 
The RSM optimization results: the tool tip 

temperature (T) and the surface roughness 
order to decrease desirability level.

 
Table 6: Response optimization for T and Ra

Run 
Cutting speed, 
Vc 
(m/min) 

Feed rate, 
f 
(mm/rev) 

1 79.7438 0.05 
2 88.4928 0.0500028 
3 85.6736 0.0500036 
4 44.0002 0.0721448 
5 76.7785 0.0613925 
6 44.0004 0.0732387 
7 44.0007 0.0777739 
8 44.0024 0.0785915 

and V.P. Srinivasan, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:

In order to investigate the influence of 
machining parameters on the surface roughness, 
response surface are drawn in Fig.6. and Fig.7. Table 
4 indicates that the effect of cutting speed, feed rate, 
depth of cut and head of liquid nitrogen are 

The influence of the cutting 
speed and the feed rate on surface roughness is 

shown in Fig.6. The best surface finish is a
with the combination of lowest cutting speed and 
lowest feed rate. 

The influence of the depth of cut and the head of 
liquid nitrogen is shown in Fig.7. The best surface 
finish is achieved with the combination of lowe
depth of cut and lower head of liquid nitrogen

 

3D effects of depth of cut and head of liquid nitrogen on surface roughness 

Optimization and cutting conditions: 
Here optimal manufacturing conditions for hard 

CBN tool to minimize 
the values of tool tip temperature and surface 

roughness are considered. 
parameter ranges defined for the optimization are 
shown in Table 5. 

parameter ranges for optimization of turning conditions 

Goal 
Lower 
limit 

is in range 44 

is in range 0.05 

is in range 0.5 

is in range 0.4 

minimize 45 

minimize 0.34 

RSM optimization results: the tool tip 
temperature (T) and the surface roughness (Ra) in 
order to decrease desirability level. The optimized 

tool tip temperature and surface roughness are 
(45.0011 to 58.8552)°C and (0.339999 to 0.40077) 
µm respectively. 

Response optimization for T and Ra 

Depth of cut, 
Ap 
(mm) 

Head of liquid 
nitrogen, 
h 
(m) 

Tool tip 
temperature, 
T 
(°C) 

Surface 
roughnes,
Ra 
(µm) 

0.500001 0.4 47.5169 0.376137
0.500555 0.4 55.4688 0.342314
0.503693 0.400001 52.9118 0.354928
0.500001 0.893516 58.1639 0.339998
0.500001 0.400128 45.0011 0.40077
0.501077 0.891072 58.2201 0.34 
0.5 0.880476 58.2806 0.339999
0.500001 0.878682 58.322 0.34 

ember, Pages: 70-78 

best surface finish is achieved 
with the combination of lowest cutting speed and 

The influence of the depth of cut and the head of 
liquid nitrogen is shown in Fig.7. The best surface 
finish is achieved with the combination of lower 

and lower head of liquid nitrogen.

 The goals and the 
parameter ranges defined for the optimization are 

Upper 
limit 

102 

0.15 

1.5 

0.9 

175 

0.94 

temperature and surface roughness are 
(0.339999 to 0.40077) 

Surface 
roughnes, 

 

Desirability 

0.376137 0.96 
0.342314 0.957 
0.354928 0.957 
0.339998 0.948 
0.40077 0.948 

0.948 
0.339999 0.948 

0.947 
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9 44.0469 0.0793281 0.500006 0.877272 58.3828 0.34 0.947 
10 44.0321 0.0849974 0.500001 0.865549 58.8552 0.340002 0.945 

 
Conclusion: 

Nickel alloy Inconel 718 is categorized under a 
difficult – to cut material. Liquid nitrogen was used 
as a cutting fluid instead of using conventional 
coolant to control the tool tip temperature. Cutting 
speed (Vc), feed rate (f), depth of cut (Ap) and head 
of liquid nitrogen (h) were chosen for input 
parameters whereas tool tip temperature (T) and 
surface roughness (Ra) were considered as response. 
The application of RSM on the hard turning of 
Inconel 718 with CBN (CNGA120404) tool has led 
to obtain mathematical models for both the tool tip 
temperature and the surface roughness while 
investigating the influences of machining parameters 
were presented in this work. The  quadratic  equation  
for  predicting  the optimal  value  was  derived from  
the  Box – Behnken  experimental  design  and  input  
variables. Optimum values of turning parameters 
have been studied and computed. The following 
conclusions were drawn: 

• The analysis of machining parameters using 
RSM technique allows investigating the 
influence of each one on the turning process 
progress outputs such as the tool tip 
temperature and the surface roughness. 

• Evaluating the actual and predicted values 
of the tool tip temperature and the surface 
roughness shows that a good agreement has 
been achieved between them. 

• Additionally, this study shows that the feed 
rate and depth of cut have significant 
statistical influences on the tool tip 
temperature. The effects of two – factor 
interactions: cutting speed and depth of cut; 
depth of cut and head level of liquid 
nitrogen; and the products (Vc

2 and Ap2) 
appeared also to be important. 

• Also the cutting speed, feed rate and head 
level of liquid nitrogen have significant 
statistical influences on the surface 
roughness. The effects of two – factor 
interactions: cutting speed and head level of 
liquid nitrogen; feed rate and depth of cut; 
feed rate and head level of liquid nitrogen; 
and the products (Ap2 and h2) appeared also 
to be important. 

• Reduced tool tip temperature was achieved 
at the lower feed rate, average cutting speed, 
lower head of liquid nitrogen and lower 
depth of cut. Using liquid nitrogen as 
coolant strongly reduces the tool tip 
temperature. The tool tip temperature is 
strongly influenced by the depth of cut 
(79.00%), feed rate (3.90%) and head level 
of liquid nitrogen (1.14%). On the opposite, 
the cutting speed has very small influence (-
0.25%). 

• The surface roughness is strongly 
influenced by the feed rate (27.70%), 
cutting speed (9.02%) and head level of 
liquid nitrogen (7.91%). On the opposite, 
the depth of cut has very small influence 
(0.574%). 
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